Abstract-This paper presents a novel breast model system based on a UWB antenna for locating a tumor cancer. The antenna with overall size of 35 mm × 20 mm × 1.6 mm is characterized with an ultrawideband of 120% and frequency range of 3 GHz-12 GHz for the FCC band. The proposed antenna exhibits good impedance matching, high gain and omnidirectional radiation patterns. The measurement results are presented to illustrate the performances of the proposed antenna. This antenna has been implemented in a designed system model with dielectric properties of a human breast capable to detect strange objects. The size and localization coordinates of the tumor are studied in detail for better tumor detection. The coordinates of the corresponding maximum value of SAR are identified in order to accurately detect different locations of tumor inside the breast. The results show that the localization of the tumor can be detected with high precision which demonstrates the performance of the proposed antenna and the entire system. The proposed breast model system was developed using the commercial CST Microwave studio simulator.
INTRODUCTION
Breast cancer is the most common non-skin related malignancy and the second leading cause of cancer death among women in the world [1] . In 2014, an estimated 232,670 new cases of invasive breast cancer were expected to be diagnosed in women in the U.S., along with 62,570 new cases of non-invasive breast cancer as reported by the American Cancer Society, although some risk reduction might be achieved if they are detected in time. The current standard screening methods for detecting early stage breast cancer are X-ray mammography, ultrasound techniques and magnetic resonance imaging (MRI). The Xray mammography is proved to be the most widely used and effective modality for early breast cancer detection. It is clinically employed as a regular screening method. Despite its successful detection results compared to other screening tools, X-ray mammography also has its drawbacks: its failure to distinguish between benign and malignant tumors, high false-alarm rate, discomfort to patients and difficulty to detect cancer in its initial formation state [2, 3] . All these limitations provide motivation and encouragement for the development of a complementary breast-imaging tool as an appealing alternative to the previous techniques. One of the various alternatives proposed is microwave imaging, in particular the ultra-wideband (UWB) frequency region. The principle that microwave imaging relies upon is the dielectric contrast between normal and cancerous human tissues [4] . The majority of the compact UWB antennas presented in the literature exhibit a large size with relatively low gain [5, 6] , which is suitable for specific communications. In this paper, we present a new design of compact UWB antenna for breast tumor detection system. The rectangular ring shaped UWB antenna for breast imaging developed in this paper has a planar type design with a high gain, compact size and relatively omnidirectional radiation patterns suitable for being placed directly on the target [5] . The antenna parameters such as return loss, gain, radiation pattern and current distribution are discussed in detail. The antenna is characterized by an ultra-wideband of 120% (3-12 GHz) and exhibits good gain and omnidirectional pattern. The prototype of the antenna for high frequencies can be found in our previous work [7] . It can be seen that the antenna is a good candidate for microwave imaging. As a second step, we design a tumor detection system with a breast model along with the proposed antenna. In fact in spite of research that shows the ability of microwave detection technology, there is a lack of realistic breast models for testing. Then, our breast model includes heterogeneities that are similar to a real breast and represents all the important dielectric structure described in the literature. The breast model with a skin layer of 2 mm and fat layer into the breast to get closer to reality are respectively considered. Detection capabilities provided by the whole system are also presented. The results show that the proposed detection system can achieve high accuracy with excellent performance.
BREAST CANCER DETECTION SYSTEM

System Design Description
In order to verify the validation of any imaging technique, a model representing the main tissues of the object under study is required. The principle of microwave imaging for breast cancer detection is based on the large contrast of the dielectric constant and conductivity between the malignant tumor and other breast tissues [8, 9] . In fact, a UWB microwave pulse is radiated by the antenna into the breast penetrating the skin and traveling through the breast to interact with the malignant and other breast tissues. The reflections occurring on the surface of these tissues are due to different characteristics of microwave absorption, reflection and transmission. As the breast tissues appear as lossy dispersive material to the microwave propagation, it is necessary to take the dispersive effect into account to approach the real electrical properties of the breast model. Their behaviour, to variation of frequency, is most likely to be governed by single-pole Debye model, expressed as follows:
where ε r is the complex permittivity, ε 0 the permittivity of free space, ε ∞ the dielectric constant at infinite, ε s the static(zero frequency) dielectric constant of the material, σ s the static conductivity, τ the pole relaxation constant, and ω the angular frequency. In this paper, the most representative breast model developed by the Computational Electromagnetic Group of Wisconsin is considered [10] . The system is simulated using the commercial CST Microwave Studio simulator. In order to emulate the tumor realistic size, two values, 5 mm and 6 mm, are considered for the tumor radius. The 3-D view of the numerical abnormal breast model with the antenna developed in this work is illustrated in Figure  9 . Both dielectric properties and tumor characteristics are shown in Table 1 , where σ is the tissue conductivity and ε r the relative permittivity. 
Antenna Design
For microwave imaging, the antenna is considered one of the most important component to provide significant efficiency of the entire system. The antenna for the detection cancer system proposed in this paper has a square ring shape, with a compact size of 35 mm × 20 mm and a uniform strip width w f = 1.8 mm providing an impedance matching for 50 Ω. The microstrip feed line used to feed the antenna is offset from the center. The antenna is printed on an FR-4 dielectric substrate, with a thickness of 1.6 mm and relative permittivity ε r of 4.4. Moreover, a partial conducting ground plane of dimensions 8 mm × 20 mm has been used to improve the impedance matching of the antenna. Fig. 1 depicts the described structure. The optimized values of the antenna parameters are shown in Table 2 . 
ANTENNA PERFORMANCE
For further improvement in the bandwidth and return loss of the antenna, different feed positions were considered and studied. In fact, the position of the feed at 12 mm extends the bandwidth from 2.9 GHz to 13 GHz [11, 12] . Fig. 3 and Fig. 4 present the distribution current and radiation pattern of the antenna respectively at three different positions for the frequencies 3.5 GHz and 5.8 GHz. As shown in Fig. 3 , the direction of the current on the patch is always parallel to the longitudinal direction, and much current is concentrated at the ground plane, especially when F d = 12 mm. This position of the feeding point may produce wider bandwidth due to the concentrated current around the patch and ground plane. From Fig. 3 and Fig. 4 , the resultant distribution current and radiated field behaviors provide a clear physical understanding which is a useful design guideline for the antenna feeding structures. It is also interesting to notice that the pattern radiation of Fig. 4 agree well with the surface current distribution of the antenna. Hence, the antenna remains omnidirectional regardless of the feedline's position. In order to demonstrate the antenna performance, we examine the gain, VSWR, and radiation pattern in polar coordinates. Fig. 5 shows variation of V SW R. As may be seen, the antenna exhibits a bandwidth of 9.1 GHz extending from 2.9 GHz ∼ 13 GHz with V SW R ≤ 2. The value of V SW R is less than 1.8 throughout the whole band, providing perfect matching between antenna and feeding system. A prototype of the antenna for high band frequencies has been fabricated and measured, and a reasonable agreement is achieved between the simulated and measured results [7] . For radar systems, such as UWB microwave imaging system for breast cancer detection, a moderate gain antenna is advantageous. Fig. 6 shows the peak gain versus frequency for the proposed antenna. The plotted gain reveals a high gain throughout the UWB frequency range. For the ISM band of central frequency of 5.8 GHz the peak gain is equal to 5.2 dBi which proves that the proposed antenna is a good candidate for cancer detection. The simplified equivalent circuit for the antenna is modeled as a parallel RLC circuit using resistors (R i ), inductors (L i ) and capacitors (C i ), for i = 1, 2, . . . , 5, terminated by an impedance load of 50 Ω. More details can be found in our previous work [7] . The antenna performance can also be explored from the radiation patterns. As shown in Fig. 7 the radiation pattern is plotted for two different frequencies 3.5 GHz and 5.8 GHz. It is clear that the radiation behavior of the antenna is relatively omnidirectional, which means that the designed antenna is suitable for UWB application for breast tumor detection. The current distributions on the rectangular ring as well as the feedline are calculated. Fig. 8 shows the current distributions on the rectangular ring shaped antenna at 5.8 GHz. The currents on the two vertical slot arms flow in the same direction and have a null in middle of the arms. It can be seen that the current is more exciting in strip line and wide slotted arms. Besides, the current density on the ground is more concentrated around the meandered slot than plane area, which can greatly improve the performance of the antenna. 
Specific Absorption Rate
The aim of this section is to implement the antenna designed previously on a breast-imaging tool for tumor cancer detection. The specific absorption rate is defined by the Institute of Electrical and Electronics Engineers (IEEE) as the time derivative of the incremental energy (dW ) absorbed by an incremental mass (dm) contained in a volume element (dV ) of a given mass density ρ. It is also defined as the power absorbed per mass of tissue. It is expressed as:
In relation with electromagnetic energy, SAR can be calculated from the electric field in tissue as:
where SAR is the Specific Absorption Rate (W/kg), σ the conductivity (S/m) of the tissue, E the internal electric field (V/m), and ρ the mass density (kg/m 3 ). The limits of controlled and uncontrolled environments for local SAR over the whole-body SAR wb , 1 g of tissue (1G), and 10 g of tissue (10G) are displayed in Table 3 . 
Breast Cancer Detection System
In this paper we use a model of a hemispherical shape with the most common dimensions. Dielectric properties used to construct the model shown in Fig. 9 are presented in Table 1 , where σ is the conductivity of the tissue and ε r the dielectric permittivity. In the literature, the tumor size ranges from about 0.2 cm to 1.5 cm or more [13] . We use a spherical tumor with a radius of 5 mm. The developed model consists of a 50 mm radius hemisphere attached to a 2 mm layer that replicates the skin. The tumor of 5 mm is inserted in breast model at a location of (5, 62, 40) , and the model setup is shown in Fig. 9 . The center of the patch antenna is placed at the origin, 10 mm away from the breast. Maximum SAR values versus frequency two breast sizes. Figure 11 presents the simulated SAR distribution into the breast tissue. As may be seen, the simulation demonstrates significant absorbed energy from the tumor, while there is little power deposited in the skin due to its low electrical conductivity. The maximum SAR values for two sizes, 50 mm and 60 mm, of the abnormal breast at different frequencies are shown in Fig. 10 . The tumor is placed at (5, 62, 40) for both sizes. It is observed that when the mass of the breast increases, the maximum SAR value decreases for all frequencies. For example, the maximum SAR value for 50 mm breast at 5 GHz is 7.5990 W/kg. However at the same frequency, the maximum SAR value for 60 mm is 3.86 W/kg. The coordinates of the maximum value of SAR are summarized in Table 4 at frequencies from 3 GHz to 10 GHz, for different sizes of tumors 4 mm, 5 mm and 6 mm, placed inside a 50 mm breast at (5, 62, 40 ). Simulation results demonstrate that the tumor size is a potential parameter for influencing the distribution of the max SAR values. At 5.8 GHz and for 4 mm tumor, the maximum value of SAR is 2.12225 W/kg. However, at the same frequency, the maximum value of SAR is 2.23352 W/kg for 5 mm and 4.52245 W/kg for 6 mm tumor. Figure 11 . Simulated SAR distribution into the breast. Table 5 shows the detection of a 5 mm tumor at 5.8 GHz according to the maximum value of SAR. The tumor is located at five different positions. It is observed that the coordinates of maximum value of SAR actually point to the position of the tumor. 
Effect of Breast and Tumor Sizes on SAR
Tumor Location Effects
SYSTEM DESIGN WITH SKIN AND FAT
In order to obtain a breast model closer to reality, we introduce a 48 mm fat layer into the breast together with the skin layer discussed earlier. The fat tissue parameters are: ε r = 22.57 and σ s = 0.31 (S/m). The new breast model is shown in Fig. 12 . Table 6 summarizes the values and coordinates of total SAR and maximum SAR in the new breast model at different frequencies. The tumor is located into the breast at (10, 45, 25) . Results indicate that the coordinates of maximum value of SAR actually point to the position of the tumor. Table 7 shows the detection of the 5 mm tumor at 5.8 GHz according to the maximum value of SAR. The tumor is placed at three locations. From simulation results, it can be observed that the tumor is detected by the antenna at all positions. 
CONCLUSION
This paper presents a novel method for locating a tumor using a new breast model system based on a UWB antenna. The antenna performs reasonably well in terms of VSWR, gain and radiation pattern.
To test the efficiency of our system, a breast model with dielectric properties of a human breast is designed. Simulation of the rectangular ring shaped antenna in our system demonstrates that the breast tumor can be detected by considering the difference of the power absorbed in normal tissue and malignant tissue. The coordinates for maximum value of SAR can be used as an indication for locating a tumor.
